The absolute and comparative determination of the absorption of optical films by the Photothermal-Surfacei3isplac:ement-Technique (PTD) is only possible if the sample configuration is in agreement with the limits of the theoretical model. Carrying out simultaneous absorption measurements in the IR-region at X=10,6 pm by using lasercalorimetry as well as the surface displacement technique, it can be demonstrated that the thermophysical properties of the film contribute to the probed surface displacement. The results of PTD measurements at a wavelength of 4 8 8 nm show, that there is a similar influence of the film properties on the PTD signal.
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INTRODUCTION
Comparative measurements ot the optical absorption of different film materials on the same substrates by PTD are only possible, if the following conditions of the theoretical PTD signal calculation /1,2,3/ are fulfilled: 1. The film materials under investigation are thermally thin, i.e. the energy which is absorbed in the film results only in a deformdtjon of the substrate; the deformation of the film itself may be neglected.
2 . The propagation of heat from the film into the substrate is not influenced by the film properties and the interface between film and substrate. In the most cases the experimental setup is characterized by low modulation frequencies and a film absorption coefficient being large compared to that of the bulk. Hence, the thermal waves, geArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19947147 n e r a t e d a t t h e sample s u r f a c e , a r e p e n e t r a t i n g t h e s u b s t r a t e up t o a t h i c k n e s s pth>> d f i l m [p,,-t h e r m a l d i f f u s i o n l e n g t h , clrilmf i l m t h i c k n e s s ] . I t c a n be shown /1/ t h a t t h e c o u p l e d h e a t d i f f us i o n e q u a t i o n a s w e l l a s t h e t h e r m o e l a s t i c e q u a t i o n may b e adequat e l y ' s o l v e d f o r t h e b a c k i n g o n l y , i . e . b o t h t h e change i n t e m p e r at u r e and d e f o r m a t i o n of t h e t h i n f i l m l a y e r i t s e l f may b e negl e c t e d : 0111y t h e b a c k i n g t e m p e r a t u r e , c a u s e d by t h i n -f i l m a s w e l l a s s u b s t r a t e a b s o r p t i o n , a c t s a s t h e s o u r c e t e r m i n a n e l a s t i c e q u a t
i o n f o r t h e b a c k i n g d e f o r m a t i o n . T h e r e f o r e , i t h a s been s u gg e s t e d t h a t t h e f i l m b e c o n s i d e r e d s o l e l y a s h e a t i n g s o u r c e a t
t h e b a c k i n g s u r f a c e .
EXPERIMENTAL T h e s e t h e o r e t i c a l a s s u m p t i o n s have t o b e c h e c k e d b e f o r e u s i n g PTD measurements t o c a l c u l a t e t h e o p t i c a l l o s s e s a n d , h e n c e , t o o p t imize t h e p r o d u c t i o n p r o c e s s o f o p t i c a l c o a t i n g s . For t h i s p u r p o s e , t h e o p t i c a l a b s o r p t i o n of s e v e r a l t y p e s of o p t ic a l c o a t i n g s f o r t h e l a s e r w a v e l e n g t h X=10,6 pn was d e t e r m i n e d by a n a d i a b a t i c l a s e r -c a l o r i m e t e r / 4 / and compared t o t h e v a l u e s measured by PTD / 3 , 5 / .
To p r o v e t h e r e l i a b i l i t y of t h e m o d e l ' s a s s u m p t i o n s by e x p e r i m e n t a diamond t u r n e d c o p p e r s u b s t r a t e was c h o s e n , which a p p r o x i m a t e l y s a t i s f i e s t h e c o n d i t i o n s of t h e t h e o r e t i c a l t r e a t m e n t . F o r t h e PTD-measurement i n a vacuum-chamber a t a p r e s s u r e p < 1 mbar t h e e x p e r i m e n t a l r e s u l t s a g r e e w i t h t h e e x p e c t e d d a t a a c c o r d i n g t o t h e model c a l c u l a t i o n .
The c a p a b i l i t y of t h e PTD-method f o r a b s o r p t i o n measurements on m e t a l l i c c o a t i n g s d e p o s i t e d on S i l i c o n h a s b e e n t e s t e d w i t h r e sp e c t t o t h e i n f l u e n c e on t h e t h i n f i l m t h e r m a l c a p a c i t y and t h e h e a t t r a n s i t i o n from t h e f i l m i n t o t h e s u b s t r a t e . To do t h i s , f i v e s a m p l e s , f a b r i c a t e d from o n e p i e c e of S i s u b s t r a t e , a r e c o a t e d w i t h Molybdenum-films of d i f f e r e n t t h i c k n e s s e s . The s a m p l e s a r e measured i n t h e PTD vacuum chamber ( p < l mbar) a n d t h e n i n a n a d i ab a t i c l a s e r c a l o r i m e t e r [LCA] e n s u r i n g a n a b s o l u t e c a l i b r a t i o n which i s i n d e p e n d e n t of a n y c o a t i n g t h i c k n e s s , t h e r m a l and thermoe l a s t i c p r o p e r t i e s . The r e s u l t i s g i v e n i n F i g u r e 1 , p r e s e n t i n g t h e r a t i o of t h e PTD t o t h e c a l o r i m e t r i c r e s p o n s e . The a p p r e c i a b l e v a r i a t i o n w i t h t h e t h i c k n e s s of Molybdenum c o a t i n g c a n b e e x p l a i n e d by t h e t h i c k n e s s -c l e y e n d e n c e of t h e h e a t c a p a c i t y of t h e f i l m , t h e t h e r m a l r e f l e c t i o n g i v e n by t h e r a t i o o f t h e r e -
lated effusivities of the film and substrate material and of a possible thermal barrier existing between metal film and the substrate. Assuming this, an effectively acting thermal reflection, increased by the thermal impedance at the related interface, leads to an enhanced heat reflection back to the metal overcoat. Hence, the ratio of PTD to LCX response will be decreased more strongly with respect to increasing film-thickness as it would be without any thermal impedance. The application of the PTD-technique to a multilayer system which has high reflectivity in the IR range shows similar results / 3 / . In order to check, wheather the results obtained for IR-coatings are also valid for optical layer systems in the visible range, similar experiments were carried out at a laserwavelength of 488 nm /6/. 4 BK7-substrates of identical thickness (AdBulk< 1 pm) were coated with n*X/2 Nb205 (n=1,2,3,4) on one side and with an antireflection coating for 488 nm on the other side. The optical ab-sorption increases linearly with increasing n, which should -according to the PTD model -also result in a linear increase of the PTD signal. However, the PTD measurements at a chopper frequency of 512 Hz (vth% 25 pm >> dfilm< 500 nm) show, that the PTD signal decreases with increasing number of X/2-layers. Thus, the behaviour of Nb205 layers on BK7 during PTD measurements is similar to that of Mo layers on Si which was discussed above. This means, that the properties of the layer and of the interface modify the PTD signal also in the case of single dielectrial iayers which are transparent in the VIS.
CONCLUDING REMARKS
By performing simultanous absorption measurements at X=10,6 pm on thin films using lasercalorimetry and photodisplacement techniques, a significant dependence of the PTD signal on the film thickness was detected. This may be caused by the increased thermal ratio of effusivity i . e . the considerable thermal reflection at the film substrate interface, which is thought to be further amplified by a thermal impedance at the related interface. The results at the laser wavelength X=10,6 pm as well as in the VIS-region at X=488 nm indicate that both thermal influence of the overlayer and possibly the existing non-ideal thermal contact between film and substrate must be taken into consideration. Moreover, the influence of different thermoelastic properties of the film and the substrate material have to be considered also. Thus, no general calibration can be achieved: For each sample configuration and material, dependent on deposition technology, the calibration has to be checked in order to ensure reproducible measurements.
